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Description 

[0001 ] This invention relates to magnets and more es- 
pecially it relates to magnets of the kind used for mag- 
netic resonance imaging (MRI) in medical applications. 
[0002] The theory and operation of MRI is well known 
and will not therefore be discussed in detail herein. It 
should be emphasised however that in order to create 
acceptable images, a magnetic field must be provided 
which affords a predetermined volume of highly homo- 
geneous magnetic flux. This volume, which is usually 
called the imaging volume, might be considered to be 
spherical and typically of about 40cm diameter wherein 
the magnetic flux is substantially homogeneous to within 
one hundred parts per million or less of non-uniformity 
(AB/B). 

[0003] The magnets used for MRI may be permanent 
magnets or electro magnets which may employ cryo- 
genic techniques to produce strong magnetic fields, 
typically .2T to 2T Unfortunately, with all presently 
known magnets, the magnet alone, i.e. the bare magnet 
will not produce a magnetic field in the imaging volume 
which is sufficiently homogeneous. This is because of 
inevitable non-uniformities inherent in a magnet's de- 
sign, the materials and tolerances of the component 
parts from which it is made and external influences 
which affect the magnet's field during operation. It is 
therefore necessary to correct for these magnetic flux 
non-uniformities, a process known as shimming. 
[0004] Shimming is a technique well known to those 
skilled in the art and various shimming methods may be 
used, perhaps in combination. For example, electrical 
shimming may be used which comprises positioning 
specially designed copper coils, often with complex ge- 
ometries within the magnet and energising the coils with 
a predetermined current. The magnetic field thereby 
produced from these coils is superimposed on the field 
produced by the bare magnet so as to create a substan- 
tially homogeneous magnetic field in the imaging vol- 
ume. 

[0005] Although electrical shimming is a very powerful 
technique, it carries a major cost penalty. The additional 
cost of coils and the requirement for a very stable power 
supply often mitigates against the use of electrical 
shimming . 

[0006] An alternative shimming method called pas- 
sive shimming comprises positioning discrete pieces of 
magnetic material which may either be ferro-magnetic 
or permanently magnetised near the imaging volume in 
predetermined positions in order to constrain the field of 
the bare magnet so as to make it more homogeneous. 
Such method is known from WO 84/00611. The main 
shortcoming of passive shimming is that relatively large 
volumes of shimming materials are often required and 
space for this is not always available. 
[0007] When considering shimming designs however, 
the effect of temperature changes must be considered 
since available materials possess a significant temper- 



ature sensitivity which means that the homogeneity of 
the magnetic field in the imaging volume will be temper- 
ature sensitive to some degree. As is well known by the 
cognoscenti, MRI involves the use of gradient coils 

5 which are energised to create a magnetic field gradient 
across the imaging volume, the coils being electrically 
pulsed on and off during imaging. Thus heat is inevitably 
produced in the gradient coils which in turn may affect 
the homogeneity of the magnetic field in the imaging vol- 

10 ume if temperature sensitive materials are used in any 
quantity. 

[0008] This invention relates to magnets in which the 
imaging volume is defined in a region between two pole 
pieces which are held apart by a frame or 'yoke'. In such 

15 a magnet, a further technique which may be used to pro- 
duce a substantially homogeneous magnetic field in the 
imaging volume is pole shaping. This may involve a spe- 
cial separate flexible pole plate which is spaced apart 
from the main pole of the magnet by an air gap as de- 

20 scribed in European patent EP-A-0 488 015. By locally 
flexing the pole plate so as to change the air gap, it is 
possible to vary the magnetic flux passing through the 
pole plate. Since the perpendicular flux through the plate 
affects magnetic field distribution in the imaging volume, 

25 the homogeneity of the magnetic field can be improved 
by predetermined pole plate adjustment. The use of flex- 
ible pole plates for shimming is however not entirely sat- 
isfactory. This is because the shimming process is com- 
plex and time consuming and achieving the necessary 

30 resolution for a homogeneous magnetic field in the im- 
aging volume is very difficult. Additionally, the mechan- 
ical robustness of flexible pole plates is not good. 
[0009] A separate pole plate does however have one 
special significant advantage in that the adverse effect 

35 of hysteresis can be largely eliminated. Magnets made 
of cheap mild steel suffer particularly from this phenom- 
enon, which manifests itself in a deterioration of the ho- 
mogeneity of the magnetic field in the imaging volume 
when the gradient coils are pulsed. However, a separate 

40 pole plate acts as a screen which serves to carry all of 
the gradient coil's return flux and does not allow any to 
penetrate through to the main pole. By careful choice of 
material and construction method for the pole plate, hys- 
teresis effects may thus be substantially eliminated. 

45 [001 0] It is an object of the present invention therefore 
to provide an improved shimming method wherein some 
of the foregoing disadvantages are obviated at least in 
part. 

[0011] According to the present invention a magnet 
50 for magnetic resonance imaging comprises a pair of 
poles supported on a yoke and juxtaposed to define be- 
tween them an imaging volume, the poles having op- 
posed end faces which each include shim pieces set 
therein, which shim pieces are adapted and arranged to 
55 be positionally adjustable in directions parallel with the 
longitudinal axis of the poles for the purpose of homog- 
enising the magnetic field in the imaging volume, char- 
acterised in that each pole has a substantially rigid pole 
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plate which is provided on its end face and disposed 
substantially orthogonally of the said axis, the pole plate 
being sandwiched between a gradient coil and the end- 
face of the pole and being spaced apart from the end 
face of the pole with which it is associated, and serves 5 
in use to carry the gradient coil's return flux and thereby 
to reduce the adverse effect of hysteresis. 
[0012] By using separated rigid pole plates the ad- 
verse effect of hysteresis is substantially removed, with- 
out the disadvantage associated with flexible pole plates 
and by providing axially adjustable shim pieces set into 
the poles, the homogeneity of the magnetic field in the 
imaging volume may be simply optimised. 
[0013] The shim pieces may be fabricated of ferro- 
magnetic material. 

[001 4] Alternatively, the shim pieces may be fabricat- 
ed of permanent magnetic material which may addition- 
ally include ferro-magnetic material. 
[001 5] The shim pieces may comprise at least one an- 
nular ring, the position of which is arranged to be adjust- 
able axially of the poles. 

[0016] A plurality of concentric rings might be provid- 
ed, each ring being individually adjustable. 
[001 7] At least one ring may be segmented, each seg- 
ment of the ring being adapted and arranged for individ- 
ual adjustment. 

[0018] The shim pieces may be adapted and ar- 
ranged for screw threaded adjustment. 
[0019] Each segment may comprise means for indi- 
vidual screw threaded adjustment. 
[0020] The shim pieces may be arranged to be adjust- 
able against the biasing force of a spring. 
[0021] In one contemplated embodiment of the inven- 
tion the rigid pole plate for each pole may be sandwiched 
between, on one side thereof, the end face of the pole 
with which it is associated, and into which the shim piec- 
es are adjustably let, and on the other side thereof gra- 
dient coils, a cylindrical space on each pole within which 
the pole plate and the gradient coils are accommodated 
being embraced by a pair of annular Rose rings, one for 
each pole, which are mounted on the end face of re- 
spective poles. (NB - The 'Rose' ring is named after its 
inventor. Its purpose is to improve the basic homogene- 
ity of the filed, it is well known in the art, although usually 
described by its shape and function rather than called a 
'Rose' ring.) 

[0022] The pole plate associated with each pole may 
be arranged to serve as a substrate on which permanent 
magnets provided for fine shimming are mounted. 
[0023] One embodiment of the invention will now be 
described by way of example only with reference to the 
accompanying drawings, in which; 

FIGURE 1 is a somewhat schematic side view of 
the poles of a known MRI magnet; 
FIGURE 2 is a side view of one pole of an MRI mag- 
net according to one embodiment of this invention; 
FIGURE 3 is a somewhat schematic sectional side 



4 

view of a part of the pole shown in Figure 2; and 
FIGURE 4 is a generally schematic view of an MRI 
magnet wherein parts corresponding to the previ- 
ous Figures 2 and 3 bear the same numerical des- 
ignations. 

[0024] Referring now to Figure 1 , a known magnet for 
MRI comprises a pair of poles 1 and 2. The poles 1 and 
2 have end faces 1a and 2a respectively into which an- 
nular gradient coils 3 and 4 are let. In order to produce 
satisfactory images the magnetic flux in a spherical im- 
aging volume 5, having a diameter of about 40cm is re- 
quired to be substantially homogeneous to within one 
hundred parts per million or less of non-uniformity (AB/ 
B). The imaging volume 5 is positioned in the centre of 
a gap 6 between the poles 1 and 2 into which a patient 
to be scanned is positioned so that a body region to be 
scanned is within the imaging volume 5. 
[0025] As hereinbefore explained, MRI magnet sys- 
tems are very well known and the arrangement just be- 
fore described, and its mode of operation is well under- 
stood by those skilled in the art. 
[0026] Referring now to Figure 2, one pole of a mag- 
net according to the present invention is shown but it will 
be understood that the magnet will comprise two poles 
as shown in Figure 4, each similar to the pole shown in 
Figure 2 but arranged in juxtaposed positional relation- 
ship. In Figure 2 a pole 7 is shown on which is mounted 
an annular Rose ring 8 so as to define within the ring a 
cylindrical space which is occupied by gradient coils 9 
and a fixed and rigid pole plate 10. The pole plate 10 is 
sandwiched between the gradient coil 9 and an end face 
1 1 of the pole 7 into which adjustable shim pieces 1 2 
and 1 3 are let. The shim pieces 1 2 and 1 3 are individu- 
ally adjustable and comprise segments of an annular 
ring which is let in to the pole face 11 of the pole 7. The 
shim pieces 1 2 and 1 3 are arranged to be adjustable in 
directions as indicated by arrows 14, parallel with the 
longitudinal axis of the pole 7. In order to minimise the 
reluctance in magnetic paths associated with the pole 7 
and the shim pieces 12 and 13, the shim pieces 12 and 
1 3 are arranged to be a close fit within apertures 1 5 and 
16 respectively in the pole face 11 into which they are 
slidably fitted. 

[0027] Although any suitable method for adjustment 
of the shim pieces 12 and 13 may be employed, one 
adjustment arrangement will now be described with ref- 
erence to Figure 3. 

[0028] Turning now to Figure 3, wherein parts corre- 
sponding to Figure 2 bear the same numerical designa- 
tions, the shim piece 1 2 is mounted on dowels 1 7 and 
18, adjustment being effected by means of a screw 19 
having a fine screw thread. The screw 19 is arranged to 
be axially fixed by means of an anchoring arrangement 
20 and arranged to co-operate with complementary 
screw threads 21 formed in the shim piece 12 so that 
consequent upon rotation of the screw 19, the axial po- 
sition of the shim piece 12 will be adjusted against the 
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biasing force of coil springs 1 8a which embrace the dow- 
els 1 8. Adjustment may be affected by means of a key 
(not shown) which is arranged to fit in an complementary 
aperture 1 9a in one end of the screw 1 9, an access hole 
22 for the key being provided in the pole plate 10 which 
is mounted on non-magnetic rings 23, and which serves 
as a platform for discrete magnets (not shown) as may 
be required for passive fine shimming. 
[0029] The plate 10 might normally be secured to the 
plate 7 by screws (not shown) which pass through the 
rings 23. 

[0030] It will be appreciated that shim pieces such as 
the shim piece 1 2, may comprise any combination and 
number of segmented rings which can be fitted to the 
poles at any radius. These shim pieces may be arranged 
to fit closely within complementary grooves of any width 
or depth within the pole with which they are associated. 
In fact the segments may be so small as to comprise 
individual screws. 

[0031] Incremental movements of the shim pieces or 
segments may simply be measured with a dial test indi- 
cator which can be used via measurement holes in the 
pole plate provided as necessary for the purpose 
[0032] As shown in Figure 4, use of a magnet accord- 
ing to the present invention facilitates the fabrication of 
MRI apparatus wherein the imaging volume, and hence 
the patient, is accessible to medical personnel during 
imaging, so that dynamic techniques become possible 
for diagnosis and/or other purposes. The magnet shown 
has a yoke 24 in the form of a 'C. It will be appreciated 
by those skilled in the art that other geometries can be 
used without in way affecting the present invention. 



Claims 

1 . A magnet for magnetic resonance imaging compris- 
ing a pair of poles (7) supported on a yoke (24) and 
juxtaposed to define between them an imaging vol- 
ume, the poles (7) having opposed end faces (11) 
which each include shim pieces (12,13) set therein, 
which shim pieces (12, 13) are adapted and ar- 
ranged to be positionally adjustable in directions 
parallel with the longitudinal axis of the poles (7) for 
the purpose of homogenising the magnetic field in 
the imaging volume, characterised in that each pole 
(7) has a substantially rigid pole plate (1 0) which is 
provided on its end face and disposed substantially 
orthogonally of the said axis, the pole plate (10) be- 
ing sandwiched between a gradient coil (9) and the 
endface (11 ) of the pole (7) and being spaced apart 
from the end face of the pole (7) with which it is as- 
sociated, and serves in use to carry the gradient 
coil's return flux and thereby to reduce the adverse 
effect of hysteresis. 

2. A magnet as claimed in Claim 1 , wherein the shim 
pieces (1 2, 1 3) are fabricated of f erro-magnetic ma- 
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terial. 

3. A magnet as claimed in Claim 1, wherein the shim 
pieces (12, 13 ) are fabricated of permanent mag- 

5 netic material which may additionally include ferro- 
magnetic material. 

4. A magnet as claimed in any preceding Claim, 
wherein the shim pieces (12, 13) comprise at least 

10 one annular ring, the position of which is arranged 
to be adjustable axially of the poles (7). 

5. A magnet as claimed in Claim 4, wherein the shim 
pieces (12, 13) comprise a plurality of concentric 
rings, each ring being individually adjustable. 

6. A magnet as claimed in Claim 4 or Claim 5, wherein 
at least one ring is segmented, each segment of the 
ring being adapted and arranged for individual ad- 

20 justment. 

7. A magnet as claimed in any preceding Claim, 
wherein the shim pieces (12, 13) are adapted and 
arranged for screw threaded adjustment (19). 

25 

8. A magnet as claimed in Claim 6, wherein each seg- 
ment comprises means for individual screw thread- 
ed adjustment. 

30 9. a magnet as claimed in any preceding Claim, 
wherein the shim pieces (12, 13) are arranged to be 
adjustable against the biasing force of a spring 
(18a). 

35 10. A magnet as claimed in any preceding Claim, 
wherein fine shimming adjustment of the magnet is 
effected with a plurality of discrete permanent mag- 
nets. 

40 11. A magnet as claimed in any preceding Claim, 
wherein the rigid pole plate (10) for each pole (7) is 
sandwiched between, on one side thereof, the end 
face (11) of the pole (7) with which it is associated, 
and into which the shim pieces (12, 13) are adjust- 
45 ably let, and on the other side thereof gradient coils 
(9), a cylindrical space on each pole (7) within which 
the pole plate (10) and the gradient coils (9) are ac- 
commodated being embraced by a pair of annular 
•Rose' rings (8) one for each pole (7), which are 
so mounted on the end face of respective poles (7). 

12. A magnet as claimed in any preceding Claim, 
wherein the pole plate (10) associated with each 
pole (7) is arranged to serve as a substrate on which 

55 permanent magnets provided for fine shimming are 
mounted. 

13. A magnetic resonance imaging system using a 
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magnet as claimed in any preceding Claim. 



PatentansprOche 

1. Magnet zur Magnetresonanz-Bilddarstellung, der 
zwei Pole (7) aufweist, die an einem Joch (24) ge- 
halten werden und nebeneinander angeordnet 
sind, umdazwischen ein Abbildungsvolumen zu bil- 
den, wobei die Pole (7) gegenuberliegende Endfla- 
chen (11) haben, die jeweils darin eingesetzte Ab- 
standsstucke (12, 13) enthalten, die dazu geeignet 
und so angeordnet sind, daft sie positionsmaftig in 
zu der Langsachse der Pole (7) parallelen Richtun- 
gen verstellbar sind, um das Magnetfeld in dem Ab- 
bildungsvolumen zu homogenisieren, dadurch ge- 
kennzeichnet, da6 jeder Pol (7) eine im wesentli- 
chen starre Polplatte (10) hat, die an seiner Endfla- 
che angeordnet und im wesentlichen rechtwinklig 
zu der Achse angeordnet ist, wobei die Polplatte 
(10) sandwichartig zwischen einerGradientenspule 
(9) und der Endflache (1 1 ) des Pols (7) angeordnet 
und von der Endflache des Pols (7) im Abstand an- 
geordnet ist, dem sie zugeordnet ist, und im Betrieb 
zum Fuhren des Ruckflusses der Gradientenspule 
und damit zur Reduzierung der nachteiligen Hyste- 
resewirkungen dient. 

2. Magnet nach Anspruch 1, bei welchem die Ab- 
standsstucke (12, 13) aus ferromagnetischem Ma- 
terial hergestellt sind. 

3. Magnet nach Anspruch 1, bei welchem die Ab- 
standsstucke (12, 13) aus Permanentmagnetmate- 
rial hergestellt sind, das zusatzlich ferromagneti- 
sches Material enthalten kann. 

4. Magnet nach einem der vorhergehenden Anspru- 
che, bei welchem die Abstandsstucke (12, 13) we- 
nigstens einen kreisfdrmigen Ring aufweisen, des- 
sen Position axial von den Polen (7) verstellbar ist. 

5. Magnet nach Anspruch 4, bei welchem die Ab- 
standsstucke (12, 13) mehrere konzentrische Rin- 
ge aufweisen, wobei jeder Ring einzeln verstellbar 
ist. 

6. Magnet nach Anspruch 4 oder Anspruch 5, bei wel- 
chem wenigstens ein Ring segmentiert ist, wobei 
jedes Segment des Rings zur individuellen Verstel- 
lung geeignet und angeordnet ist. 

7. Magnet nach einem der vorhergehenden Anspru- 
che, bei welchem die Abstandsstucke (12, 13) zur 
Schraubgewindeverstellung (19) geeignet und an- 
geordnet sind. 

8. Magnet nach Anspruch 6, bei welchem jedes Seg- 



ment Mittel zur individuellen Schraubgewindever- 
stellung aufweist. 

9. Magnet nach einem der vorhergehenden AnsprO- 
s che, bei welchem die Abstandsstucke (1 2, 1 3) so 

angeordnet sind, da 3 sie gegen die Vorspannkraft 
einer Feder (18a) verstellbar sind. 

10. Magnet nach einem der vorhergehenden Anspru- 
10 che, bei welchem die Feinabstandsverstellung des 

Magneten mit mehreren diskreten Permanentma- 
gneten durchgefuhrt wird. 

11. Magnet nach einem der vorhergehenden Anspru- 
15 che, bei welchem die starre Polplatte (10) fur jeden 

Pol (7) an einer Seite zwischen der Endflache (11) 
des Pols (7), dem sie zugeordnet ist und in die die 
Abstandsstucke (12, 13) verstellbar eingelassen 
sind, und an der anderen Seite Gradientenspulen 

20 (9) sandwichartig angeordnet ist, wobei ein zylindri- 
scher Raum an jedem Pol (7), in dem die Polplatte 
(10) und die Gradientenspulen (9) aufgenommen 
sind, von zwei ringformigen "Rosen'-Ringen (8), je- 
weils einem fur jeden Pol (7), umschlossen sind, die 

25 an der Endflache der entsprechenden Pole (7) an- 
geordnet sind. 

12. Magnet nach einem der vorhergehenden Anspru- 
che, bei welchem die jedem Pol (7) zugeordnete 

30 Polplatte (10) so angeordnet ist, daft sie als Sub- 
strat dient, auf dem zur Feinabstandsverstellung 
vorgesehene Permanentmagneten angebracht 
sind. 

35 13. System uur Magnetresonanz-Bilddarstellung, das 
einen Magneten nach einem der vorhergehenden 
Anspruche verwendet. 



40 Revendlcatlons 

1. Aimant pour imagerie par resonance magnetique, 
comprenant deux pdles (7) supported sur une cu- 
lasse (24) et juxtaposes afin qu'ils delimitent entre 

45 eux un volume d'imagerie, les pdles (7) ayant des 
faces opposees d'extremite (11) qui comportent 
chacune des pieces (1 2, 1 3) formant des cales pla- 
cees a I'interieur, ces pieces (12, 13) formant des 
cales 6tant adaptees et disposers afin qu'elles 

so soient reglables en position en directions paralleles 
a I'axe longitudinal des pSIes (7) afin que le champ 
magnetique dans le volume d'imagerie soit homo- 
geneis6, caracterise en ce que chaque pdle (7) a 
une plaque polaire pratiquement rigide (10) qui est 

55 placee sur sa face d'extremite et qui est disposee 
en direction pratiquement perpendiculaire a I'axe, 
la plaque polaire (10) etant disposee entre une bo- 
bine de gradient (9) et la face d'extr6mite (11) du 
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pdle (7) et 6tant placSe a distance de la face d'ex- 
tr6mite* du pole (7) avec iequei elle est associ6e, et 
6tant utilised pendant le fonctionnement pour la 
transmission du flux de retour de la bobine de gra- 
dient et ainsi pour la reduction de I'effet nuisible 
d'hyst6r6sis. 

2. Aimant selon la revendication 1 , dans lequel les pie- 
ces formant des cales (12,13) sont constitutes d'un 
materiau ferromagn6tique. 

3. Aimant selon la revendication 1 , dans lequel les pie- 
ces formant des cales (12, 13) sont formees d'un 
mat6riau magn6tique permanent qui peut compren- 
dre en outre un mat6riau ferromagn6tique. 

4. Aimant selon I'une quelconque des revendications 
pr6c6dentes, dans lequel les pieces formant des 
cales (1 2, 1 3) comportent au moins une bague an- 
nulare dont la position est destined a etre reliable 
suivant I'axe des poles (7). 

5. Aimant selon la revendication 4, dans lequel les pie- 
ces (12, 1 3) formant les cales comportent plusieurs 
bagues concentriques r6glables chacune indivi- 
duellement. 

6. Aimant selon la revendication 4 ou 5, dans lequel 
une bague au moins est segmented, chaque seg- 
ment de la bague 6tant adapte et dispose" pour un 
ajustement individuel. 

7. Aimant selon I'une quelconque des revendications 
pr6c6dentes, dans lequel les pieces (1 2, 13) for- 
mant des cales ont une adaptation et une disposi- 
tion permettant un ajustement par vissage (19). 

8. Aimant selon la revendication 6, dans lequel cha- 
que segment comporte un dispositif d'ajustement 
individuel par vissage. 

9. Aimant selon Tune quelconque des revendications 
pr6c6dentes, dans lequel les pieces (12, 13) for- 
mant des cales sont disposers afin qu'elles soient 
r6glables en appliquant une force antagon iste d'une 
force de rappel d'un ressort (18a). 

10. Aimant selon I'une quelconque des revendications 
pr6c6dentes, dans lequel un ajustement fin du ca- 
lage de I'aimant est realist avec plusieurs aimants 
permanents s6par6s. 

11. Aimant selon I'une quelconque des revendications 
pr6c6dentes, dans lequel la plaque polaire rigide 
(10) destinte a chaque pdle (7) est disposed entre, 
d'un c6t6, la face d'extr6mit6 (1 1 ) du pdle (7) auquel 
eile est associ6e et dans lequel sont placets de ma- 
niere reliable les pieces (12, 13) formant des cales 



et, de i'autre c6te\ des bobines (9) de gradient, un 
espace cylindrique, form6 sur chaque pole (7) et a 
I'int6rieur duquel la plaque polaire (10) et les bobi- 
nes de gradient (7) sont disposed, 6tant entourt par 
une paire de bagues annulaires (8) de "Rose" a rai- 
son d'une par pole (7), les bagues 6tant monttes 
sur la face d'extr6mit6 des p6les respectifs (7). 

12. Aimant selon Tune quelconque des revendications 
prdctdentes, dans lequel la plaque polaire (10) as- 
sociee a chaque pdle (7) est disposed afin qu'elle 
sort utilis6e comme substrat sur lequel sont months 
des aimants permanents destin6s a assurer un ca- 
lage fin. 

13. Systeme d'imagerie par resonance magnelique 
mettant en oeuvre un aimant selon Tune quelcon- 
que des revendications pr6c6dentes. 
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